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5 ] o . 5 %~ i o o %<Dnmft&<Dmm^T'mmm.wuWim 

C»#«6] ttK#»ftS/y3>tf»<D*rtBIfe*«Ka:, i4xio 17 
(atoms/cc) ^K'feSii: 

c»#3(7] nfsajfiiSffli»«ia^frt>*i«aa!**e#at*«jasK:, torn 

fcwatii-r&iMfcii 1-4 tcfB«©JtMtft$/ y a >©^»iB«*t»- 

KfiS#£>KM&"*"*iftj|iK^ 4oo° c-iooo' coMtfi^^'^^ 
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6 nm~4 0 0 n m<Dmm<DM&mm(D®MMimzmmzMmi,&mz. 

< £fc l 3 o o° Cffi^©afl!K:±sai(Fai»«tai^«gStiT3&Scii:%#«fc 

m^m 14] c z^ic j; y i83tstife^*§as/ u n ><z>^n * # 

<fc & 3B1HIMi*ti£tftt £ 4x r & s r £ & £ *r £ J£&£| >> U 3 > © y □ y ^ . 

5Kjb*t*, mmnm^ti^ 1 2 0 o- 1 3 1 o° ctmscd^h^gdm 

[0 0 0 1] 
[0 0 0 2] 

>>y czi jc «fc y >f >rfy h 

[0 0 0 3] 

*s/ya> (si) ^iu^sn^ift^ti^o wm^jseftfls-rsii, siiitfa^jc 

[0 0 0 4] 
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U@/cm 3 ) (ASTM F121-79) SS©Bfc*^* 



ftTV^. fc£#l£0#T% ^iII©Mit ASTM F121-79T?Jfetf><5g|;fciC|ft 
[0 0 0 5] 

yh©J*MCffe (As-grown) tcsK-f F:X^£0M*i£#®#©^M©;XR&#7£J& 

^fI^C^^StlS^|J|&^?&•SCr:^^eJG^own-in^|J/5i:V^t)I^TV^So &£^-f F* 
[0 0 0 6] 

[0 0 0 7] 

£ e bfrbS/U n>"?a:-A& l*fc^5o7--;i^£^£:ic , r&£, tftS»#£ 
CTi/'Ja>7 x - a bT v>S^#Wlcj^^j^^^ U Iff^frWRfcfoft 

[0 0 0 8] 

#gS¥l 0 - 7 4 7 7 l#4*Sre&, at-Afe l&Toig 

-A£gDi:frft&c*#*/?@BttU — l¥©2/U n > x- a bT 
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[0 0 0 9] 
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[0 0 10] 
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[0011] 
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[0 0 13] 
[0 0 14] 

HI© "(b), (c) tt, jt^©^&«!ETO^bTV%S 0 . 
[0 0 15] 

RTBl (b) fc*VTJ;e>Jc, ttaK^ffiAK (»il«t9x l o 1 7 ( 
atoms/cc) gflO tlT V^ £ 2/ U 3 > ^ x - A (J/!)3>ifi) 

£©*/y n>?x-Al tpJCtt, (As-grown) &C 35 S itt^tf 1 0 

0 nmg£©#>f Kfc»3##£0TV%<& o 
[0 0 16] 
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^•ffiT*ioo%) te^utwtmxxizmmmn (nmxxtfmm&m'eo. 5% 
&±) -c\ ^oi3oo° ^(DM-mummmzM?* zomm. t/vnyv*. 
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©uiifti 2 u (an, Hi4 mm) , ^<^i3oo' 

[0 0 2 3] 

4>&<£%i3oo° ci&BcDumx'm'mm.mtim&ftsz.t.iz&y^ 

*/ y zt y o zf u v V * \z £ >f K * KB £ MM 3 & X® £ 
[0 0 2 4] 

[0 0 2 5] 
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mMmmfamfrmtebftfe&m&i/v n>v i-^icfim< t.% 1 3 0 

[0 0 2 6]. 
[0 0 2 7] 

0 . 5%~100 %©m^iE©#H^^taiaj®^^a$:^^ r n 

[0 0 2 8] 

mmm&isv ^y^<ommmmit. 1 4 x 1 0 1 7 (atoms/cc) j^T-e& 

[0 0 2 9] 
[0 0 3 0] 

mmmummmM?t>nz>umi£T*g~uirz>mm^ 1200 0 cmtou 
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[0 0 3 6] 

CZ&&C J: yS?3tS*lfe#JHS2/U 3 9 6 nm~4 0 0 nmtf) 
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[0 0 4 4] 
[0 0 4 5] 

(S«liK^**lTV^« B JlfltflSKltt, 9 X 1 0 1 7 (atoms/cc) (ASTM F121- 

79) il© WillT'HI^ i/ 'J 3 ^ >) x - A 1 K^ttiT^ 

. ^jCDS/U 1 tpizit, (As-grown) ICjfcttSfllt&tf 1 0 0 

[0 0 4 6] 

0 0 nm«±©J?S©tf 12 S^tS. 
[0 0 4 7] 

o^c, 0. 5%JK_h©K3R^^StifefiftiR#a^;T^, *ol 3 0 0' C 
[0 0 4 8] 

CKOiBf*, :n>?x-/\lft£##l,TV%fcjK>f F*Pfe3#mj$Ufco 
[0 0 4 9] 

6t±©J:o!Cf3!$gfTit 01 (b) , Ml (c) &Mv>TMLfeJ:e>{c 

. Ki^^#ffl^oi 3oo° cjg<_h©@iSMr~-;i'©l&xST?m^^ 

1 3 0 0° CJ^_t0®«MT--;i/<Z)itfX^T*M^aS:^ 

[0 0 5 0] 

&£LBli (c) iZTjk-t&oKi/V 3>*jc-/m 
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&T?$>y, wc$/y i nf±5:«*mfefe#®T*tt^-r k&»3 »m 

[0 0 5 1] 

01 (a) -ftCi/'Jn^^i-AltCtl/TtMl, ]*Mife&3ii& 

©$/Ua>$rx-/M {c*fbTm^^^#ffl^CT*l 3 0 0° CJSU:©Siffi& 
0S/U 3>#x-A 1 (f>|Bf<Z>S/U =l>9x-A 1 (D^Jg^-f K 

[0 0 5 2] 

J^Ji©j:e>lC^^MJCitlli, «*3tf^**#H«3^-3 1 3 0 0° CJ6U: 
/\ 1 &S W±X* y *fBtfbfcS/U n>?x-/M tf»©3j?>f F&PS3 

[0 0 5 3] 
[0 0 5 4] 

-JKJc i/'ja^x-Ai JiKiMkffsgl 2 tfjf^f £ BRKi, SMfcttJg/atctf e> 

[0 0 5 5] 
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a 

[0 0 5 6] 
[0 0 5 7] 

#M&*:ft-XA&:^IET'&£&CbT%'' 1 3 0 0° CJK-h©iKfil» 
[0 0 5 8] 

tftfcfeia o o° cja_h©i»a«fc»a«:S/ya>^3i-/MK:lt , r»^K:, 

Pi3cm^ y^ K^R&s-e^^cD^flB^-rs^^^tiSo ^ k*ch&3© 

[0 0 5 9] 

#*©#h*ct?h:, s/y n>^x-7M tft<z)jj?>r K^cisi&3^iR}}ii"s^fRitc^ 

[0 0 6 0] 

b#^U Z.<D£t)te^mn,TX* 1 3 0 0° CKlClIiM^^'Jn^^x 
1 }ci£f£, luMbfe*e>{C>>y zr>^x-/N 1 j^feift-fUS/y n>SiOx# 
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[0 0 6 1] 

fe^iJn>^x-A 1 ©5"5_bT2#c©*/y n:/#x-/\ 1 -eiZlKWUbgifthte 
[0 0 6 2] 

JSTF, i"J3>iftl0lS, iK^i««#©MS^#> #Hft*#«&Jl# 
&K:i*b;fc#£ffi«K:^T3Ml-s. 

[0 0 6 3] 
[0 0 6 4] 



ASTM F121-79) T?, PS©^7^i-Aot D gW»»^ffltC^^tl 
[0 0 6 5] 

7--;i/M^w>fci*> ^7ic^aui/t?i ^bTatsti, 7oo° cty 

^^!CfiS%±#3*, 1 3 0 0° C~1 3 9 0' C©«Hl*©#*]*M£l 3 
0 0° C, 1 3 5 0° C, 1 3 9 0° C * *Tr±#£1±fco £©*iSHaSre 2 #181 

[0 0 6 6] 

T;ViJ>;tf:*&^-*SCbT^fg£Ndb#0. 5%~1 0 0 %©*KH 



• Jt«W 1 

Ifcftfc bTIt#^ 2 0 0 mm-e> IftttlRK^ 11X10 
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#j±0. 5%, 3 0%. 10 0%©#ffl^T'7--;i/^Tofe„ 
[0 0 6 7] 

o y /K-f ^h^E^^^T'b'-iftJcSL^RI (LSTD) tbt 
[0 0 6 8] 
[0 0 6 9] 

EI8li^^JE^0. 5%(D#H^,^ 1 3 5 0° Cl?2^r^rabfc^ 
[0 0 7 0] 

fcsL#icit^r. 0 8 xizmi&mpm* vxxm-&m*{k lx z\ n 

S. "r5&*>*.08T*tt^R5©ffi^bfcj:»J. lmiPODfMI^^ScD^IJfi^ffi 
[0 0 7 1] 

xm<D&mit^-*c>yL, f i Btotcj: u tem (mmmm^-mmm) m& 

[0 0 7 2] 
[0 0 7 3] 
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8&. B*flSbfc^»ttlflC«4 0 0niii<Z)*>fXT?*y, fJa^ifh® 
AM* (As-grown) T'3tSM£S2*l£^@ 1 0 0-15 Onm©*>fX(D^ 
21 J£ «* b T b < IE b T V x § £ £ o o 

[0 0 7 4] 

[0 0 7 5] 
[0 0 7 6] 

[0 0 7 7] 

HHZCSVTJ:^ 1 3 0 0° C, 1 3 5 0" C, 1 3 9 0° C<Z>#**HI 

mm** o. 5%, 30%, ioo%<D*mxam£* j t*> j e*'*»**>'*** 

*#©*&k:ov*t, wmMMffii 3 0 0° CTffroMldE#ioo%l:vO 

[0 0 7 8] 

©SST'O. 5 %«±©««^ff«>#H«* ^1 8 0 0' C-1 3 9 0 1 C 

<Dummmr*muT--»*ft?}i, was©****** F*«sttj/ya 

(As-grown) CDiM XfcJfcifcbTlB^ffe'*' S iiVx-5«»«: 

[0 0 7 9] 
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[0 0 8 0] 

O^lC. r©>>Un>^3i-A 1 JC^fLT 1 1 0 0° Ct80m fftttfcftl 

s&jfebx. ^®tc7 o o nm&ismwtitmz zj&f&hfc 0 &&mwi<\:#!Mi** 

[0 0 8 1] 
[0 0 8 2] 

f fcfc'fey— -/i/fiflEi/S/UW:, 07 KHMEMl/t/V 1 £ LT^£*u 70 0 
' Ci:»J|fc*tCffiSS:Jt#3ii\ 1 3 0 0° C~1 3 9 0" C©fSfflfttf>#SiS 
SI1 3 0 0 1 C, 1 3 5 0° C, 1 3 9 0° Cit'±#$tfc. iOllM 

[0 0 8 3] 

T/b Sr^-XICL/T^IR^JE^O. 5%~1 0 0 %<D$SHft<Z)#mSi 

#i£0. 5%, 3 0%. 10 0%CD||^T7--^^of: 1 
[0 0 8 4] 



[0 0 8 5] 
[0 0 8 6] 



B##2 0 0 mmT\ till^ 11X10 



1 7 



(atoms/cc) (ASTM F121-79 
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^#2 0 0 1-3 9 4 7 9 1 

A : O : WU) fcOWftS^-T. 

[0 0 8 7] 

H®3&C;*hrJ:MC, 1 3 0 0° C, 1 3 5 0° C, 1 3 9 0° Cto&WkSm. 
Umt. 0. 5%, 3 0%, 1 0 0%CD#»^ffihS:^tl^niia^*5*fe# 

[0 0 8 8] 

K±<Difc^e>, i/ y 3> ^ i - ai icitti&iLfc±t* o . 5%j^_h(Z) 

^fS#|±<Z>#H^,T% fro 1 3 0 0° C~ 1 3 9 0° C<8$BLK*5HT?]SH&T — - 
/i/&fJ3fc, #>f F*»3tt$1i«-rs#> isVnyjyny hf&MLte (As-gro 

wn) cD-^>f 

[0 0 8 9] 

jiiBHSfeMi t% wmmitrnzamm* 7 o o nmjc-r*u«>f k*h&3 #m 

[0 0 9 0] 

Wttfc Ltt^ 2 0 0 mmT% flftMft^ 1 1 X 1 0 1 7 (atoms/cc) (AS 
TM F121-79) PMCD^/U — Al &*P4Ibfc= 

[0 0 9 1] 

?^&C, i©J/U3>9x-;MICf ttl 10 0" WetWLibjQM&te 
tt, Sffi{C4 5nm, 175nm, 3 9 4 nm, 5 0 0 n m, 7 0 0 nmCD^J 

[0 0 9 2] 

o^tc, WbR 2 tf^jSS tife ^ 'J a > 9 x - ;M ic*f it, ?ei&y— 

[0 0 9 3] 
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350° cx'zmmm^M^mhr^ &*icMg&4&T£i±Tv^fco 

[0 0 9 4] 

Tjv^yjjxzK-xizvxMmft&tfo. 5%~i o o%<Dmmft®&wim 

#JE0. 5%, 3 0%, 1OO%0«T7--A^ofe o 
[0 0 9 5] 



[0 0 9 6] 
[0 0 9 7] 

®i2. ®i 3 kfcBfii£L£0 8 t:mM<D^nx%>v : muT xm^z 

amSL^fc^LTV^., 01 2&MJP4 5 n m(Dl®MWlihm 2 ftfcS/ U 

3>^x-/M iCOV^fHWbfc^fc^U H13ttKJ?7 0 Onm0|!Jlt 
ffcJ^2#^JE£3*lfc$/U 3>#x--;\ 1 lZ-D^XttWl>t~ffi%:%:^'?o El 2, 
01 3«»Sl^ffi^0. 5%©#H^T% 1 3 5 0° Ct2HWIlfci^ 

[0 0 9 8] 

^momw,<ommt, t/v nytr^-twrn.-fifaiz 2 0 mmizt>tc^mm^n 

[0 0 9 9] 

01 2lc^t-J:e)fc, tf-f F^P(&3 ODJiB^cfbtc J: Hi (2 0 0/tmXl 

«c A> ©ffcSL & i: x. -5 £ #) T* & £ „ 
[0 10 0] 

013 iZtfft &oK&-%\ftK2 0 0 0 0 fim<D7,^-^y^y -otcWM. >JM K 
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[0101] 

ZtlbmiZ. 01 3 *ViMLXt>frZ> <fc3KU BU 2KLa* , TRJ?4 5 nm© 
m&iZlZtf-i F#H&3 &ffi;MfcLTV^©{CMbT, 013 K.^k-tmm , 7 0 0 n 



[0 10 2] 
[0103] 

04 IC. #H5C (ti^EO. 5%, 3 0%, 10 0%) , *ffl»ffclR2©lR 
f (4 5nm, 1 7 5 nnu 3 9 4 n nu 5 0 0 n m, 7 0 0nm') 'fc, 4<^f F 
XKS3 (Z)1?--f X(D^ffc (X : UE^b, A : JRUB, O : £ tf>W£&£^o * 

(BlJfto) T v%*. 

[0 10 4] 

i^04ic^j:e)ic, in^ff^o. 5 ^jro-ftm 2 amm-ifi 

3 9 6 nm-C'*^ Ffclfc 3 <Z>JRj©#*&*tfe. £ £iEfi:frJBtV^/UC^;fr£> £ 
•TlCsK-f F*H&3 &m«S*SJCJ±, ^<t*5 0 0 n nKDjgJStf^MWftil 

[0 10 5] 

• i^Ult 0 0%©#ffl^lfi7--;i/ (1 3 5 0 8 c-e 

2B#imy--;i/) &ffofetfe©3i?>f K^»3<0-9->f XS:, *j^m^2©^& 

tit^ny h bfe^77&^bt^s. 01 1 <D$t$ft#W»ftBl 

2®!*/$ (nm) i^^^aife©^ F^ffi 3 ©i?->f X (a. u) 1? 

01 1C^V>T— j&gMfttt. 5/U a:/>f >=Ty hlfcttlMfe (As-grown) (0 
#-f F:KPfe3(Z>-!*--f X&jrcLTV^o 
[0 10 6] 

HBfl 1 iC^i-J:e>iC|0TOfbm2(Z)m^3 9 6 nm«»W F&R&3 
tt, As-grownB£GD3j?>f FfcWS 3 <DV4 XlCjfc bTJiB^b btfe U tf-f F&R5MM 
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«JNRiftBI2 ©MS # 5 0 OnmfC^St^ KfcH83 <DiM X»aijei8# (D 
#oTaK-f K#P<&3 396nm~500 n m©|gfflft©|g 

[0 10 7] 



[0 10 8] 

tc 0 o£ V&Mt. 0 0 mmt% MHRIKft^ 1 1 X 1 0 1 7 (atom 

s/cc) (ASTM F121-79) T?, Pi©i/ U =1 xWM fc^MUfc., 
[0 10 9] 

[0 110] 
®WetgfcfiS^3ffi -iffillll 10 0' C 
(Ddry^H^iS -*Wt&^l 100" C 
(DCVD ab^*^) "MI4 3 0 1 C 
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